Introduction
Primary hepatocellular carcinoma (PHCC) is the most common hepatic cancer, which is the second largest cause of cancer-related death worldwide. 1 Early diagnosis of hepatocellular carcinoma is important to achieve long-term survival. Unfortunately, <30% of patients with hepatocellular carcinoma achieve early diagnosis and treatment. 2 Partial hepatectomy remains the most effective intervention for patients with hepatocellular carcinoma. The recurrence rates and the 5-year survival probability remain poor, even after curative resection. At present, the internationally accepted criteria for evaluating the outcomes of liver cancer are various staging paradigms, the most common of which is the seventh edition of the TNM (TNM seventh) system and the Barcelona Clinic Liver Cancer (BCLC) staging system. The Okuda staging system and the Cancer of the Liver Italian Program (CLIP) staging system also play important roles in the assessment of the prognosis of liver cancer. 3 Unfortunately, these standards are complicated and have some limitations. We attempted to generate a simpler and more clinically relevant way to evaluate the prognosis of PHCC.
It is well known that cirrhosis and hepatic fibrosis are closely related to primary liver cancer. In recent years, many investigators had found that the models for evaluating and diagnosing hepatic fibrosis had a significant impact on the prognosis of liver cancer. Furthermore, Pang et al found that gamma-glutamyl transpeptidase and platelets (PLTs) ratio was an important factor influencing hepatocellular carcinoma associated with hepatitis B virus infections. 4 Choi et al found that the Forns index was an important influencing factor for determining recurrence and death after curative resection of liver cancer. 5 Zhou et al found that the S-index obtained by laboratory indicators accurately evaluated the degree of liver cirrhosis and fibrosis for patients with hepatitis B virus infections. 6 Nevertheless, the relationship between S-index and prognosis after liver cancer resection remains unknown. In recent years, nomograms have shown excellent performance in predicting various tumor prognoses, including hepatocellular carcinoma, 7 colon cancer, 8 gastrointestinal stromal tumors, and others. 9 Here, we establish a nomogram to study the correlation of survival between the S-index and prognosis after curative resection of PHCC.
Patients and methods

Research design and patients
We obtained clinical and laboratory data from 615 patients with liver cancer who were treated in the First Affiliated Hospital of Wenzhou Medical University between January 2007 and January 2014. We developed the following strict exclusion criteria: 1) patients who were diagnosed with nonprimary hepatocellular carcinoma according to clinical data and postoperative pathological findings; 2) patients without complete clinical data; 3) patients who received other treatments before radical surgery, including interventional therapy, radiofrequency ablation, chemical drugs, and radiation therapy; 4) patients with liver cancer secondary to other malignant tumors; 5) patients with other terminal cancers; 6) patients who cannot undergo curative resection, such as those with distant metastasis; 7) patients with basic diseases, such as those with severe vital organ damage; and 8) patients who died due to other noncancer-related factors such as accidents. Based on the exclusion criteria, we finally selected 490 patients with PHCC. All subjects were randomly allocated into the training set and validation set in a 7:3 ratio by the digital method. The training group consisted of 343 patients for establishing a nomogram, and the remaining 147 patients were placed in the validation group for confirming the predicting power of the nomogram. Our study was supported by the Ethical Committee and Institutional Review Board of the First Affiliated Hospital of Wenzhou Medical University. All patients signed informed consent forms, and all study procedures were conducted in accordance with the latest revision of the World Medical Association Declaration of Helsinki.
Data collection and follow-up
All patients diagnosed with PHCC had complete clinical and laboratory variables collected. The clinical variables were as follows: gender, age, history of alcohol abuse, body mass index, tumor number, tumor size, tumor capsule, cirrhosis, ascites, portal vein tumor thrombus (PVTT), microvascular invasion, lymph node metastasis, intrahepatic metastases, invasion of adjacent tissues, and tumor grade. The laboratory data were as follows: white blood cell (WBC), PLT, total bilirubin (TB), albumin (ALB), fibrinogen, aspartate transaminase (AST), alanine aminotransferase (ALT), alpha-fetoprotein (AFP), prothrombin time (PT), and γ-glutamyl transpeptidase (γ-GT). AFP was determined by UniCel DxI-800 analyzer. TB and hepatic function index (ALT, AST, and γ-GT) were tested by Beckman AU5800 analyzer. Blood clotting function (fibrinogen, PT) was measured on a Diagnostica Stago analyzer. Complete blood count, including WBC and PLT, was tested using a Sysmex XE-2100 analyzer.
Based on these variables, we evaluated the staging system for hepatocellular carcinoma, including Child-Pugh classification, BCLC staging system, TNM staging system, the CLIP, and the Okuda staging system. 10 The S-index was calculated from laboratory variables (γ-GT, ALB, and PLTs) with the formula: 1,000× γ-GT/(PLT × ALB). 24 All patients were followed up by telephone or outpatient visit every 3 months for the first 2 years, every 6 months after 2 years, and once in every year after 5 years.
Statistical analyses
Continuous variables that conformed to a normal distribution were expressed as mean ± SD (x ±SD); otherwise, they were identified by quartile (P25, P75). Numbers (%) 
Results
Baseline characteristics
All patients were diagnosed with PHCC, of which 285 (83.1%) were male in the training group and 128 (87.1%) were male in the validation group. The median survival times were 58.23 and 44.53 months, respectively. Analysis of the baseline characteristics of the 490 patients (343 from the training analysis and 147 from the validation) showed no statistical differences among variables (P>0.05) between the training and validation groups. In the training cohort, the 1-, 3-, and 5-year OS rates were 82.8%, 63.8%, and 47.8%, respectively, corresponding to 77.6%, 58.5%, and 38.8%, respectively, in the validation cohort (Table 1) .
Prognostic factors of the training cohort
The optimal cutoff value of S-index, corresponding to the maximum sensitivity and specificity, was 0.28 according to the Youden's index (Table S1 ; Figure S1 ). Patients were stratified into two groups by the optimal cutoff values of S-index (<0.28 and ≥0.28). The results of the univariate analysis are shown in Table 2 . Variables of P-values <0.001 in the univariate analysis were included in multivariate analysis. As shown in Table 3 , only six variables were independent risk factors for influencing the survival probability of PHCC: ALB, TB, PVTT, tumor grade, tumor size, and S-index (P<0.05).
Prognostic nomogram for survival
Based on the independent risk factors that were statistically significant in multivariate analysis, nomograms were constructed to predict the OS of PHCC (Figure 1 ). In order to construct this nomogram, each subgroup variable was assigned a corresponding score. According to the specific situation of each hepatocellular carcinoma, the scores of each subgroup variable were summarized to obtain a total score, and we then obtained the corresponding 1-, 3-, and 5-year survival probabilities by drawing a straight line vertically down from the total scale to the survival probability scale. In order to compensate for the inability to draw lines on the nomogram to accurately obtain the survival rates, the nomogram scoring system was placed in Table 4 , accurately predicting the survival rates. Calibration curves were used to verify the performance of the model in predicting OS. The C-indexes of the model for 1-, 3-, and 5-year OS rates were 0.768 (95% CI=0.695-0.841), 0.757 (95% CI=0.706-0.809), and 0.737 (95% CI=0.696-0.779), respectively, in the training group and 0.679 (95% CI =0.579-0.779), 0.683 (95% CI=0.609-0.757), and 0.679 (95% CI=0.616-0.741), respectively, in the validation group, still performing well in the latter (Figure 2 ). To further validate the performance of the model for evaluating the prognosis of PHCC, we plotted the tdROC curve for the nomogram, S-index, BCLC, Okuda, and CLIP. The tdAUC curve was used to evaluate the difference between predicted 1-, 3-, and 5-year OS rates of each of the indicators mentioned above (Figure 3) . Furthermore, we stratified the training group into three subgroups based on the total points of nomogram (low risk: <200; intermediate risk: 200-250; and high risk: >250). In Figure 4 , the Kaplan-Meier curves show excellent prediction results in the nomogram predicting survival.
Discussion
A more accurate survival prediction for PHCC after radical surgery is undoubtedly an excellent goal for patients and surgeons. Nevertheless, in terms of predicting survival rates, the conventional staging systems are not satisfactory, including the TNM system and the BCLC staging system. 11, 12 If a tool that predicts the prognosis of PHCC can be developed, it will provide better clinical treatment advice regarding prognosis. Based on multivariate analysis, we obtained six independent risk factors for evaluating the prognosis of 
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Prognostic nomogram for PHCC PHCC. Therefore, we developed a nomogram including S-index, PVTT, tumor grade, tumor size, ALB, and TB. The C-indexes of the nomogram in the training and validation groups performed well in predicting the survival of PHCC. Compared with other traditional staging scores, our model was highly accurate for predicting the prognosis of PHCC. Unfortunately, for predicting the 5-year survival probability of PHCC, the tdAUC of the nomogram was similar to but smaller than the S-index. It is well known that the occurrence and development of tumors are related to many factors, while the S-index combines only laboratory indicators of blood.
Therefore, we firmly believe that the nomogram based on multiple factors has greater potential. This also requires much clinical research to validate our model. According to risk stratification of the nomogram, we can easily divide individuals into different risk subgroups, which may make sense for clinicians to make further treatment plans. For example, patients at high-risk stratification may require further treatment or shorter follow-up periods to improve survival.
As novel tools, nomograms have been regarded by scholars as useful and efficient methods for predicting tumor The S-index calculated from γ-GT, ALB, and PLTs is a mathematical model for predicting the severity of liver fibrosis. Continuous variables with an abnormal distribution were identified by quartile (P25, P75). Abbreviations: γ-GT, γ-glutamyl transpeptidase; AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver Cancer; BMI, body mass index; CLIP, Cancer of the Liver Italian Program; HCV, hepatitis C virus; MVI, microvascular invasion; PLT, platelet; PT, prothrombin time; PVTT, portal vein tumor thrombus; TBil, total bilirubin; TC, total cholesterol. submit your manuscript | www.dovepress.com
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Chen et al prognosis in recent years. Neoplastic diseases that have been tracked with nomograms to predict prognosis include gastrointestinal stromal tumors, 9 colorectal cancer, 8 pancreatic cancer, 13 and hepatocellular carcinoma. 3, 7 Our nomogram contained six variables in which tumor staging, PVTT, and tumor size were consistent with those of previous studies. 3, 7, 14 As a carrier for evaluating protein reserves, serum ALB has been associated with many tumors. [15] [16] [17] Preoperative low serum ALB was a powerful predictor of prolonged hospital stay and mortality. 18 Many studies have shown that serum ALB represents preoperative nutritional status in cancer patients and can also predict postoperative outcomes. 19 TB is another laboratory indicator included in our model. In recent years, many studies have shown that bilirubin is associated with lymph node metastasis of rectal cancer, 20 liver fibrosis of hepatitis B virus, 21 and invasiveness of hepatocellular carcinoma. 22 In other words, cancer patients with elevated bilirubin values have poor prognoses.
To the best of our knowledge, the S-index contained in the model we established is a new indicator for predicting the prognosis of PHCC. The S-index obtained by laboratory indicators accurately evaluates the degree of liver cirrhosis and fibrosis for patients with hepatitis B virus infections. 6 However, the relationship between the S-index and predicted survival rates after curative resection of PHCC remains unknown. It is well known that cirrhosis and fibrosis are closely related to the occurrence of PHCC. Therefore, we believe the S-index and liver cancer may be closely related and our study confirmed this. The S-index is calculated as 1,000×γ-GT/(PLT × ALB), 2 containing three important laboratory indicators: γ-GT, PLTs, and ALB. The relationship between ALB and cancer prognosis was described Abbreviations: γ-GT, γ-glutamyl transpeptidase; AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; HCV, hepatitis C virus; MVI, microvascular invasion; PLT, platelet; PT, prothrombin time; PVTT, portal vein tumor thrombus; SE, standard error; TBil, total bilirubin; TC, total cholesterol. 
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Prognostic nomogram for PHCC above. Now, we discuss the relationship between the other two variables and PHCC. High γ-GT is closely related to the occurrence of many diseases, including diabetes, liver disease, cardiovascular disease, and all-cause mortality. 23 This may be related to the redox regulation and drug resistance of γ-GT in tumor development. 24 Carr et al found that PLTs were closely related to the migration and invasion of liver cancer. 25 The survival rates of hepatitis B virus-associated hepatocellular carcinoma with antiplatelet therapy were greatly improved. 26 For specific individuals, our nomogram is a very intuitive and accurate predictive tool for survival after curative resection of PHCC. The laboratory indicators included in our nomogram are easily obtained and calculated, including TB, ALB, and the S-index. Tumor size, tumor grade, and PVTT can be obtained by abdominal ultrasound, computed tomography, MRI, and pathological findings. Moreover, the indicators included in our nomogram are objective, avoiding the adverse effects of subjectivity of the surgeon. Nevertheless, our study has certain limitations. First, this 
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Chen et al was a single-center study, that may limit the scope of its application; second, our sample sizes were relatively small, especially in the validation group; third, in the training and validation groups, the C-index of our model was not highly consistent; finally, our model is only suitable for predicting the survival rates after curative resection of PHCC and is not applicable for patients with incurable advanced liver cancer or patients receiving other treatments.
In summary, we developed an accurate and intuitive tool for predicting the 1-, 3-, and 5-year survival rates after curative resection of PHCC. This nomogram can provide corresponding treatment assistance for patients with PHCC and may provide a basis for clinicians to make treatment decisions. Nevertheless, whether our model is applicable to other inpatients, patients in other regions or even other countries has yet to be verified by a large number of clinical studies by scholars. 
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